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MiR-221 and miR-130 regulate Hox genes controlling vascular
morphogenesis in developing lung
Sana Mujahida, Heber Nielsenb, MaryAnn Volpeb
aTufts University Anatomy, Boston, MA, USA
bBoston, MA, USA
Hoxa5 and Hoxb5 have distinct important functions in lung
airway and alveolar formation. In other cell types, Hoxa5 and Hoxb5
have opposing roles in vasculogenesis and are regulated by miR-130a
and miR-221, respectively. Hoxb5 and Hoxa5 regulation by these
miRNAs in developing lung is unknown. We have previously reported
unique changes in miR-130a and miR-221 temporal and cellular
expressions in E15–18 fetal mouse lungs. Lung-specific effects of miR-
130a and miR-221 were studied in mouse E14 whole lungs cultured
48 h with anti-miRs or mimics to miR-130a and miR-221. Anti-miR-
130a treatment led to smaller lungs with reduced airway branching
with increased Hoxa5 and decreased VEGFR2 in mesenchyme.
Mimic 130a treated lungs had numerous finely arborized branches
extending into central lung regions with decreased Hoxa5 and
increased VEGFR2 in mesenchyme. The distal airways of these lungs
were lined with cuboidal cells. Conversely, anti-miR-221 treated
lungs had more distal branch generations with increased Hoxb5
and VEGFR2 around airways. Mimic 221 treated lungs had reduced
airway branching, dilated airway tips and decreased Hoxb5 and
VEGFR2 in mesenchyme. Vascular morphology (Lectin immunofluor-
escence) showed that miR-221 inhibition and miR-130 enhancement
of vascular plexus formation likely impact lung airway branching.
MiR-130a and miR-221 temporal, spatial and cell-specific expressions
and their opposing effects on airway branching support lung-specific
regulation of Hoxa5 and Hoxb5 expressions by miR-130a and miR-
221, respectively. We speculate that miRNA–Hox regulatory interac-




Control of Lymphangiogenesis by Prox1
Yingdi Wang, Oleg Lagutin, Guillermo Oliver
St. Jude Children's Research Hospital, Memphis, TN, USA
In mammals, the proper function of the blood and lymphatic
vascular networks is critical for effective circulation. Blood vessels
deliver nutrients and oxygen, while lymphatic vessels are essential
for lipid absorption, fluid homeostasis, and immune surveillance. In
addition, lymphatic vessels are involved in a variety of pathological
conditions such as obesity and tumor metastasis. Previous studies
have shown that the prospero-related homeobox gene Prox1 is a
master regulator of lymphatic lineage specification. During early
embryonic development, expression of Prox1 on one side of the
anterior cardinal vein is considered the initiation of lymphatic
vascular formation. In mice, deletion of Prox1 results in the absence
of the lymphatic vasculature and the mutants develop severe edema.
In addition, ectopic expression of Prox1 in cultured blood endothelial
cells (BECs) promotes the expression of lymphatic endothelial cell
(LEC) markers and reduces that of BEC markers. To better understand
the molecular mechanisms leading to LEC fate specification by Prox1,
we generated transgenic mice that ectopically express Prox1 in a
spatially and temporally controlled manner. We observed that ectopic
expression of Prox1 in BECs in mice results in abnormal expression of
the LEC maker LYVE-1 in the internal jugular vein. In addition, dermal
blood vessels show irregular morphology. Furthermore, the forma-
tion of lymphatic vessels in these animals is significantly reduced,




The transcription factor FoxO1 is required in endothelial cells for
vascular remodeling of the mouse yolk sac
Monica D. Garciaa, Tiffany M. Sillsb, Ryan S. Udanb, Tegy J. Vadakkanb,
Ronald A. DePinhoc, Karen K. Hirschib, Mary E. Dickinsonb
aBaylor College of Medicine Molecular Physiology & Biophysics, Houston,
TX, USA
bBaylor College of Medicine, Houston, TX, USA
cHarvard Medical School, Boston, MA, USA
The initial vascular network of the mouse yolk sac, formed by
embryonic day 8.0 (E8.0), is a primitive capillary plexus of vessels of
uniform shape and size. At the initiation of blood flow (E8.5), this plexus
undergoes vascular remodeling, in which endothelial cells establish a
branched, hierarchical structure of large vessels and smaller capillary
beds, evident by E9.5. Embryonic lethality due to failed remodeling is a
commonphenotypeobserved inover80single genemutations, andmay
be due to a primary defect in endothelial cell function or reductions in
hemodynamic function.However, in a large number of yolk sacmutants,
the direct causes of the observed vascular remodeling defects are still
unknown. FoxO1 germline null (−/−) mice have been reported to die
by E11.0 due to abnormal vascular remodeling; however, the primary
cause of the remodeling defect remains unclear. In this study, we
conditionally delete FoxO1 in endothelial cells (ECs) and show that its
function during embryonic development is critical for the formation of a
remodeled yolk sac vasculature. Using live, rapid-time lapse imaging,we
verify that the remodeling defects are not due to altered hemodynamic
force. We observe that FoxO1 deletion in ECs in vivo leads to the
downregulation of angiogenic genes, including connexins 37 and 40,
which causes an increase in vascular permeabilitywithin the embryonic
yolk sac. Finally, we observe a reduction in the density of ECswithin the
mouse yolk sac in both pre-remodeling and post-remodeling stages.
These data suggest that FoxO1 expression in ECs is critical for the
formation of a capillary plexus before the onset of hemodynamic force,
resulting in impaired yolk sac remodeling and embryonic lethality.
doi:10.1016/j.ydbio.2011.05.152
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Interactions between vascular cells and neuron-glial cells in the
developing central nervous system under hypoxia in vitro
Alejandra Rodriguez Celina, Melina Rapaciolia, Mélanie Kuntzb,
Lucie Dehouckb, Vincent Bérézowskib, Vladimir Floresa
aFavaloro University Dept of Biostructural Sciences, Ciudad Autonoma de
Buenos Aires, Argentina
bLaboratoire de Physiopathologie de la Barrière Hémato Encéphalique,
Université d'Artois, Lens, France
The lack of information on the biology of the neurovascular unit
explains the few therapeutic treatments available for neurodegenerative
diseases and the increasing interest on the cell biology in this field.
In this context, in vitro analyses of interactions between developing
vascular and neuron–glial cells appear as a valuable method to
investigate neuroangiogenesis. Recent in vitro studies on the developing
vasculature in the chick embryo optic tectum (OT) allowed to
immunochemically identify and quantify several vascular and neural
cells types after 15 days in vitro culture under normoxia. More recently,
the effect of acute hypoxia on the different cell types were studied
in cells cultures containing a mixture of all these cell populations.
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Interactions between the cells corresponding to the vascular compart-
ment with the rest of the cells were also analyzed in vitro under
normoxia and hypoxia and a modulating effect on cell survival was
observed. Studies on the effect of a hypoxic stress on vascular cells alone
or co-culturedwithneuronandglial cells invitrowereperformed for the
angiopoietins and VEGF systems by RT-PCR and Western Blots.
Preliminary results on isolated vascular cells in vitro show an important
difference on the transcription levels of the Angiopoietin-1 when
compared to vascular cells co-cultured with neuron and glial cells. Our
results could advantageously help to analyze the signaling networks
involved in regulating the cortico-angiogenesis under hypoxia.
doi:10.1016/j.ydbio.2011.05.153
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Coordinated directional cell motility driving vertebrate limb
bud morphogenesis
Qiyan Maoa, Robert K. Hob
aUniversity of Chicago, Cmte on Develop Biology, Chicago, IL, USA
bDepartment of Organismal Biology and Anatomy, U. of Chicago, Chicago,
IL, USA
The vertebrate limb bud is a classical model of organogenesis.
Genetic analyses have revealed a complex forelimb gene regulatory
network orchestrated by Tbx5 gene function, yet how forelimb
formation is regulated at the cellular level is less well understood. Here
we present a cellularmodel of early forelimbmorphogenesis based on a
single-cell resolution fatemap and4Dcell tracking in zebrafish embryos.
By following long-term fates of labeled single cells in the lateral plate
mesoderm (LPM), we demonstrated that wild type forelimb precursors
converge from a broad region of the body axis while maintaining their
relative anteroposterior (AP) positions, suggesting coordinated cell
migration during limb bud compaction. Using 4D confocal microscopy
with a LPM-specific fluorescence reporter, we followed trajectories of
individual wild type LPM cells during limb bud compaction, and
confirmed that their nearest neighbor relationships remain largely
undisrupted. Moreover, our 4D cell tracking revealed that anterior
forelimb precursors migrate further along the AP axis than posterior
precursors during limb bud compaction. To investigate how Tbx5
influences coordinated directional cell motility in forelimb precursors,
we performed 4D cell tracking in Tbx5 loss-of-function embryos. Our
results support a model that Tbx5 redirects coordinated motility in
anterior forelimb precursors, deficiency in which may lead to failure
of limb bud compaction. We are currently investigating downstream
mechanisms thatmaysupplydirectionality cues to differentpopulations
of forelimb precursors. (This work is partially funded by the Chicago




Time-lapse confocal analysis of growth plate chondrocyte
column formation
Sarah M. Romereim
Northwestern University Biochemistry Molec Biology & Cell Biology,
Evanston, IL, USA
The development and growth of long bones depend on the proper
organization of cells in the growth plate cartilage. To direct growth
along the longitudinal axis of the bone, proliferative chondrocytes
form columns by clonal expansion. Previously, we demonstrated that
column formation occurs via planar cell divisions followed by cell
intercalation. In addition, we showed that noncanonicalWnt signaling
and gpi-anchored cell surface proteins, respectively, regulate these two
processes. However, mechanistic studies of the dynamic process of
chondrocyte column formation are limited by reliance on the analysis
of static cells in sections of fixed tissue. To overcome these limitations,
we have developed methods for time-lapse confocal microscopy of
cultured growth plate cartilage. Results of live imaging largely validate
our previous model, but detailed image analysis suggests that the
current model requires modification. Interrogation of this model
systembybothmouse genetics and chemical genetics has shed light on
the mechanisms underlying growth plate architecture.
doi:10.1016/j.ydbio.2011.05.155
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Functional characterization of limb-specific enhancers in
the mouse
Mark J. Noltea, Richard Behringerb
aUT-MD Anderson Cancer Center Molecular Genetics, Houston, TX, USA
bHouston, TX, USA
Although many mutant mouse limb phenotypes have been gener-
ated via gene targeting (e.g. Prx1, Shh) little research has exploited the
use of murine functional genetics to explore the role of individual
transcriptional enhancers during limb development. As regulatory
regions, it is known that enhancers can regulate the timing, location
and quantity of gene expression, but a general understanding of how
individual enhancers contribute to development is lacking. To better
understand the effects of altered gene regulation on mouse develop-
mentwe deleted two enhancers known to be active in the limbbud. The
enhancers chosen for manipulation were drawn from the VISTA
Enhancer Browser website. These enhancers were identified using
chromatin immunoprecipitation coupled with sequencing (ChIP-seq)
targeted at p300, a transcriptional activator, followed by the production
of LacZ-expressing transgenic mice (Visel et al. Nature. 2009, 457:854).
All Vista Browser enhancers are scored for positive LacZ regulation at
E11.5 and transgenic mice are generated using human sequences. Vista
enhancer 280 (V280) drives a wedge-shaped expression pattern in a
region that will likely give rise to digits 2–4; enhancer V1442 drives a
graded patternwith the highest intensity located in the limb's posterior
margins. We generated transgenic mice using the orthologous mouse
enhancer sequences. Preliminary results showed that the mouse
enhancers also drive expression in the limbs, thoughwith somepossible
differences that need to be explored further. We have several V280-
targeted chimericmice thatwe are breeding to establish knockout lines.
We hypothesize that the targeted deletion of these enhancers will lead
to aberrant limb development.
doi:10.1016/j.ydbio.2011.05.156
Program/Abstract # 133
Ectodermal inactivation of Smad4 causes limb deformity
Jibiao Lia, Kimberly Novakb
aKent State University, Kent, OH, USA
bKent State University, Macedonia, OH, USA
Vertebrate limb morphogenesis is coordinated by a complex
network of signaling centers that influence growth, differentiation and
movement of the cells in the developing limb field. Several members of
signaling molecules of the Transforming Growth Factor beta (TGF-b)
family are shown to be potent regulators of limbmorphogenesis. Smad4
is a central mediator of the TGF-beta-related signaling in a variety
of developmental contexts. Zygotic inactivation of Smad4 results in
lethalityatperi-gastrulation stage.Wegenerateda conditional knockout
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